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Abstract 

The effect of seff-defauft on tfie valuation of liabilities and derivatives 
(DVA) has been widely discussed but the effect on assets has not received 
similar attention. Any asset whose value depends on the status, or exis- 
^N) tence, of the firm will have a DVA. We extend [BKllj to provide a hedging 

strategy for such assets and provide an in-depth example from the balance 
' J ' sheet (Goodwill). We calibrate our model to seven US banks over the cri- 

Mh sis period of mid-2007 to 2011. This suggests that their reported profits 

would have changed significantly if DVA on assets, as well as liabilities, 
(~| was included — unless the DVA was hedged. 

I 

1 Introduction 

The effect of self-default on the valuation of liabilities and derivatives (DVA) has 
>■ been widely discussed in the pricing literature |BK11[ IBrilll ICAC+lOl IPPBlli 

ICrel2j . However, the effect of self-default on assets has yet to attract similar 
attention ( |KS12j being an exception), although it is clear that default will affect 
any asset that depends on company existence or performance. 

We provide a hedging strategy for pricing DVA on assets extending [ BKllj , 
and consider an example. Goodwill, in depth. We calibrate our model to seven 
US banks over the crisis period of mid-2007 to 2011 and show how their reported 
profits would have changed if DVA on this asset, as well as liabilities, had been 
included. This effect is highly significant for at least four of the seven banks. 

FAS 157 requires US banks to reflect their own potential nonperformance, 
which includes creditworthiness, in the fair value of their liabilities [FASlOj . 
^ However, creditworthiness has effects on balance sheet items beyond liabilities. 

This can be observed by their change in value upon default of the company 
holding them. This may appear surprising, but it is clear that any asset that 
relies on the company being a going concern will exhibit this behavior, e.g. 
Goodwill, brand values, etc. In fact Goodwill can be written down prior to 
default, and thus have a major effect on balance sheets even for going concerns. 

*The views expressed are those of the authors only, no other representation 
should be attributed. 

^Contact: chris.kenyon@lloydsbanking.com; Richard D. Kenyon is a Senior Lecturer in 
Accountancy at Northampton Business School 
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We include this in our model and calibration. Thus we demonstrate how FAS 
157 can be applied to the asset side of the balance sheet as well as the liability 
side. We do not propose a change in how Goodwill is derived [BWl Aj ■ Instead we 
propose an adjustment that is applied subsequently to reflect creditworthiness 
effects. 

2 Hedging DVA on Assets 

We take the view that own-assets can be sensitive to own-stock price levels as 
well as own-default. Thus we can model, for example, progressive writedowns 
on a banks' Goodwill as its stock price decreases. We modify [BKll] in that 
we have no risky counterparty, and extend it in that the own-asset (the bank 
stock) S{t) jumps to zero on bank default. As IBKll] we assume that a riskless 
bond can be purchased. Thus under the historical measure we have: 

dP{t)/P{t-) = rdt 
dPi,{t)/Pb{t-) = ndt^dJb 
dS{t)/S{t-) = fidt + adW-dJb (1) 

where: 

P, Pb{t): price of riskless and risky bonds respectively; 
r, Tf,: riskless interest rate and risky rate applicable to purchased and issued 
bonds respectively (issued bonds can be repurchased); 
W: Brownian driving process; 
Jf,: jump to default of the bank; 

S: is the stock of the bank. Note that the only jump in S'-value comes on 
bank default. There are no market-based jumps in S'-value. 
We could use a non-zero recovery on the bank's issued bonds, but we assume 
zero recovery for computational convenience as in |BK11| . 

Let V be the value of an own-asset that depends on the bank's own stock, 
and the banks existence (i.e. it also depends on bank default). If the bank 
defaults at r then: 

V{t, S) = Af+(T, S) + RbM-{T, S) 

where M is the value of the own-asset at default. We keep this value general 
for now (allowing positive and negative values). This enables us to model either 
hedging the asset or hedging the loss on the asset on default, which will be 
important later. 

Our setup is simpler than [BKll] in that we only need to consider own- 
default, however we include a risky underlying {S{t)) which has consequences. 
The value V'^{t) of the hedging portfolio \l{t) can be written in terms of the 
price processes V* of its components: 

-V^{t) - n(i) = 5{t)Vs[t)+ab{t)Vp,{t)+V,i{t) 

where 5{t) is the quantity of stock held, ab{t) risky bond holdings, and 7^^(t) is 
the price of the cash. We require the portfolio to be self-financing, so (bearing 
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in mind |BBPL12] 1 we have the following gain Q^, processes: 



dGs = dS+{j~q)Sdt 
dQPi = nPbdt - PbdJb 
dQj3 = re^dt + rpe^dt 

Note that all gain processes are functions of t— not t. 7s (i) is the dividend yield 
on S{t) and qs{t) is the financing cost. As in [B Kllj . we assume we can put 
S{t) into repo and we also assume it closes flat on default. Equally we assume 
zero recovery for the stock lender when we are short selling. If the cash position 
is positive, riskless investment yields r, whereas negative cash costs the funding 
rate r p . We can set the funding rate to the yield of an issued bond with recovery 
Rb, so rp = r + {1 — Rb)Xb- The price processes V* are: 

Vs = 0; Vp, = Pb-, Vp = e. 

The stock price process is zero except exactly at the instant of default but this 
portfolio cannot be bought (no trading exactly at r). Note that the dividend 
processes (with time zero values of zero) are not individually zero: 

dVs = dGs - dVs = dS + {-/ - q)Sdt 
dVp^ = dQp^ - dVp, = nPbdt - dPb 
dVp ~ dQp — dVfj = re^dt + rpe^ dt 

Self-financing requires that — and replication requires that — V, so 
— V. Considering we have: 

-V^ = S xO + abX Pb + 1 X e =^ e = -V - UbPb 

Now the portfolio gain process is by definition the weighted sum of the 
individual gains, hence: 

dg^ = 5{dS + {-I - q)Sdt) + ab{rbPbdt ^ PbdJb) 

+ {r{-V - abPb)+ + rp{~V - abPb)-}dt (2) 

Applying Ito's lemma to V we have: 

dV = dtVdt + dsVdS+^a^S^dssVdt 

+ {V{t) - V{r-) - S{T-)dsV{T-))dJb (3) 

where r is the default time of the bank and that the bank can only jump once 
to default. Notice that the jump term in dS leads to one additional term within 
the last bracket. Positive V means long &-risk so the coefficient of Pb, ab will 
be positive or zero. 

Removing all risks by equating the dS and dJb coefficients within Equations 
[2] and [3] (which are equal): 

5{t) - dsV{t) 
ab{t) = -{V{T)-V{T-)-SiT-)dsV{T-))/Pb{T-) 
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If we now define a parabolic differential operator At as: 

At <>:= la'S^dss <> + {Xb + {qs - 7s)} Sds <> (4) 

and 

Ab := n-r 

sf ■= rp — r 

then V satisfies the PDE 

dtV + AtV-rV = SF{V + AV + SdsV)+-Xb{AV + SdsV) (5) 
= XbV + sf{M+ + RbM- + SdsV)+ 

- XbiRbM- + M+ + SdsV) (6) 
dtV + AtV -rV = XbV + sf{M+ + RbM- + SdsV)+ 

-\b{RbM-+M+) (7) 

We move to Equation[7]by absorbing the XbSdsV term into At relabelling it At- 
Note that the terms inside the sj^-bracket are evaluated with the share price 
pre-default (funding occurs only whilst not defaulted), whereas the terms inside 
the Afc-bracket are evaluated post-default. 

We have been able to remove the jump risk from the PDE because the value 
of the stock is known pre-default and its jump size on default is also known. We 
needed to use both the stock itself and the own-bond to remove all the jump 
risk from the portfolio (especially the stock), i.e. both 5 and Ub were used. 

Below we assume that we can put V into repo so sp — Q hence: 

dtV + AtV - rV ^ Xb{V - {RbM- ^ M+)) (8) 



3 Example Asset: Goodwill 
3.1 Introduction to the Asset 

Goodwill is an asset on the balance sheet that is reported quarterly. In our 
examples we consider seven large US banks, five are chosen for size and the 
other two as representative pure investment banks. These banks have significant 
levels of Goodwill on their balance sheets as compared to quarterly profits, see 
Figure [T] 

Goodwill (defined in FAS 350-20) is created, amongst other possibilities, 
when a company is bought for more than the fair value of net assets acquired and 
liabilities assumed. The carrying value of Goodwill must be regularly reviewed 
(at least annually, in a two step proceedureQ) , and can only stay at the same level 
or be impaired, i.e. decrease (FAS 350-20-35-13). The basis for the carrying 
value is as though it were purchased anew (-35-14). Thus we assume that the 
value of Goodwill is capped on the balance sheet at its initial amount. 

In regulatory terms Goodwill is not counted towards capital (Basel III), 
effectively saying that it has zero recovery value. That is, it provides no buffer 

^The first step is to see whether it is more likely than not(> 50% hkely) that the carrying 
value exceeds the fair value (FASB updates 2011-08, 2012-02). 
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Figure 1: Left panel: Reported Goodwill for seven US banks (Bloomberg 
tickers: BAG; WFG; JPM; G; GOF; MS; GS) in Billion USD. Right panel: 
Quarterly profits as a percentage of Goodwill. For the non-pure-investment- 
banks this is a small percentage. For the two investment banks (GS, MS) 
Goodwill is relatively small and profits are the same order of magnitude. Data 
is from Bloomberg. 



against default. IFRS 9 puts it into Other Gomprehensive Income, which feeds 
into Equity, and it will remain on the balance sheet. 

For tax purposes some information (e.g. USG Title 26 A.l.B.VI Section 
197) suggests that Goodwill must be amortized over 15 years. We use the word 
suggests to remind readers that this is a paper exploring the application of DVA 
to assets, not a definitive tax or accounting opinion. This amortization creates 
tax credits that can reduce tax payments on future profits. 

Tax treatments change present and future cashflows, whereas accounting 
treatments change reports and opinions. 

3.2 Models for Goodwill 




Date Maximum Stock Price Drop (relative) 



Figure 2: Left panel: Stock prices for seven US banks relative to their 2H2007 
values. Right panel: Derived calibration curves for Goodwill write-offs versus 
minimum stock price observed since mid 2007. 

We consider three models of Goodwill value, two inspired by accounting and 
one from tax. First examine Figure [2] where we show relative equity prices from 
mid 2007 on the left, and relative Goodwill value (considering only writedowns) 
versus maximum stock price drop on the right. Despite significant stock price 
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drops three of the seven banks considered wrote down less than 10% of their 
Goodwill. Thus we propose the following three models. 

CONSTANT the dollar value of Goodwill never changes. 

PROGRESSIVE as the stock price drops Goodwill is gradually written off. 

AMORTIZING Goodwill is amortized linearly over a fixed number of years. 

The last model is inspired by USC Title 26 A.l.B.VI Section 197, mentioned 
above. In general we would use a combination of CONSTANT and PROGRES- 
SIVE since, for example. Bank C did not write down 50% of Goodwill despite 
a 90%-plus drop in stock price. 

3.3 DVA on Goodwill 

We define DVA on Goodwill as the expected loss from default or degradation of 
the company. Degradation is measured by decline in stock price. Our hedging 
methodology above includes both possibilities. Typically there is no recovery 
on Goodwill as it represents part of going concern value. 

Goodwill is not a tradeable asset in the normal sense used in mathematical 
finance. As a thought experiment consider the simplified case that Goodwill 
has a constant dollar value up to the default of the company. No self-financing 
portfolio could duplicate this value as it always decreases in a risk neutral mea- 
sure (with positive interest rates) as we consider longer horizons. Furthermore, 
Goodwill generates no cashflows (even when written down), but has a non-zero 
value today. 

Although Goodwill itself is not a tradeable asset, DVA on Goodwill is a 
tradeable asset, at least in the sense that we can hedge it. We will be precise 
later, but for now we continue the thought experiment. Suppose we buy a 
zero-recovery CDS with notional equal to the Goodwill, very long maturity 
(sufficiently high that the probability of default is close to unity), zero upfront 
cost, and a given periodic premium payment. We can hedge this using a zero- 
recovery bond from the company, and riskless bank account (ignoring different 
borrowing and lending costs for the moment, that we cover below) |Car05| . This 
CDS perfectly compensates us for the loss of value on default of the company 
(assuming no counterparty risk on the CDS itself). This works because unit 
notional CDS hedge bond notionals not their coupons. This is the intuition 
behind the application of the hedging strategy of the Section [2j 

3.3.1 CONSTANT Model 

To hedge the loss of Goodwill value k on default the bank enters into a trade V 
that pays k on bank default, and zero otherwise. Note that the hedge will not 
require a position in S. For V to be riskless we assume that it is collateralized 
and since the value will always be positive to the bank this means, effectively, 
that the derivative can be placed into repo and thus sp = 0. Hence M+ = k, 
M~ — and Equation |6] becomes: 

dtV + AtV -rV ^ XbV - Xbk 
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Feynman-Kac transforms this to: 



r + \. 



-k-e{T) 



(9) 



where e{T) can be made arbitrarily small as T — ^ c». 

Equation |9] says that if the hazard rate is large relative to the riskless rate 
then the DVA on Goodwill will tend to the value of Goodwill itself. This makes 
sense because Goodwill is lost on default and a high hazard rate implies this 
happens soon. 



3.3.2 AMORTIZING Model of Goodwill 

If Goodwill is amortizing in a straight line this means that, in tax terms, it 
creates a loss every year that can be offset against profits, these are called tax 
credits. We model the future value of the tax credits as: 



Gam(0 = 



G(0) 



where we have assumed that tax is paid once per year at the end of the year 
and amortization is over years (an integer). This is a simple extension of 
the CONSTANT model because the values are deterministic. Thus, as before 
the hedge will not require a position in S. 

In this view of the value of Goodwill there is no link to the value of the 
company, or to any revaluation of Goodwill after its creation. The value is set 
by law. Of course the DVA on Goodwill is still set by the chance of default, and 
the relevant hedging strategy. 

The value of a tax credit obviously depends on having profits, however the 
profit does not always have to be in the same year as the tax credit. There is 
usually a (limited) ability to move these through time when a company does not 
have sufficient profits to use up tax credit, which then becomes a deferred tax 
credit. The formula above assumes that sufficient profits exist to use up all the 
tax credit as they appear. We show below that the DVA in this AMORTIZING 
model is relatively insensitive to the length of the amortization. Thus whether 
the generated tax credits are used immediately, or not, is not highly significant. 



3.3.3 PROGRESSIVE Model 

Goodwill is written off progressively as the equity price declines, considering the 
minimum stock price reached. We want to hedge these losses, i.e. this DVA on 
Goodwill. 



Calibration In general the precise relationship between equity price declines 
and Goodwill writeoff is one for internal analysts to answer as they are the ones 
calculating the value of Goodwill. However, looking back historically we can 
recover the calibration curves that internal analysts would have calculated. 
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Figure [2] shows the monotonic dechne in Goodwill with minimum stock price 
reached (at quarter ends). Note that this model leaves open the possibility that 
the writedown occurs with a delay after the barrier (stock price minimum) is 
reached. This can occur, but there is typically just one big drop in the period, 
so we leave this detail out of the modeling, it is a straightforward extension 
(delayed cashflow) . The calibration set of barriers and losses is shown in Table 

m 

Hedging consists of instruments that give positive cash-flows when the stock 
price reaches successive barriers. Thus we can write DVA on Goodwill in terms 
of a series of American-style binary (cash-or- nothing) options Vi. Practically we 
have captured aspects of a structural model of approach-to-default with these 
barriers (as opposed to reduced form). 

The hedges are bought options and hence always positive- valued. Since we do 
not want counterparty risk on the options we assume that they are collateralized 
and hence sp = 0. Unlike the CONSTANT case, on default these options pay 
the loss amounts since the stock price will have breached the respective barrier. 
Thus we have a similar PDE but with different boundary conditions: 

dtV^ + AtV, - rV, = \bV^ - \bh (10) 

provided S >bi where {bi,li) is the (barrier, loss) pair. 

We can evaluate Equation [lO] as an integral over standard one-touch options 
with rebates for not touching with different maturities, since default is inde- 
pendent of stock price. A one-touch option is not a free boundary problem so 
the PDE we have can be used with suitable boundary coniditions, see ^Wil06] 
9.7 for details. We choose the rebates to be liX^e^^^^^'''^'^ for maturity T, thus 
capturing the payout at default when the stock price goes to zero, provided the 
barrier has not previously been reached. 

The no-hit-rebate-at-T-of-i? option price RnoH(r, R) is known: 

RnoH(r, R) = Re-"-^ - R {{S /bif^ Pd{b} / S- b,) + Cd{S; 6,)) 

where Cd, Pd are digital call and put options and C, = 1/2 — [r — ^i)/a'^ . Hence 
the DVA on Goodwill under the PRGRESSIVE model is: 

V 1/; = V / k (OneTouch(6j, s) + RnoH(s, 1)) XbC-^"' ds 

It is beyond the scope of this paper to — from the outside — estimate future 
calibrations for Goodwill. However, making the assumption that internal teams 
could create a good calibration, we can use the historical data to reproduce it 
after the fact, see Figure [2] and Table [ij Thus we can calculate their DVA on 
Goodwill throughout the crisis period as would have been reported. 
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BAG WFC JPM C COF MS GS 



b loss 


b loss 


b loss 


b loss 


b loss 


b loss 


b loss 


49 0.1 
14 18.5 
13 0.3 
11 1.0 


40 2.5 


90 0.1 
55 1.5 


33 9.0 
13 28.7 
5 7.6 


85 4.8 
60 0.9 
41 6.3 


90 14.2 
52 1.8 
33 0.8 
23 24.5 
19 0.5 


39 7.9 



Table 1: Galibration for Goodwill as sets of binary cash-or-nothing American 
options. When the barrier b, as a percentage of mid 2007 stock price, is hit then 
the Goodwill loss (percent) occurs (see text for details). 



4 Results 

4.1 CONSTANT and PROGRESSIVE models 

We calibrate the PROGRESSIVE model using historical data mid-2007 to end- 
2011 on seven US banks see Figure [2] (right panel) and Table [T] Stock implied 
volatility is from Bloomberg using ATM volatility at the longest consistently 
available quote (18 months). We use the 5Y GDS spread as representative 
together with the 5Y swap rate for discounting. The Goodwill that was not lost 
over this period we assign to the CONSTANT model. 

Figure [3] shows the effect on reported quarterly profits of including changes 
in DVA on Goodwill. The two investment banks (GS and MS) see little effect on 
their reported profits. This is because they have little Goodwill relative to their 
profits and it was little affected by writedowns over the crisis period. One major 
bank (C) showed initially large effects which were later much reduced. This is 
because G wrote off a significant fraction of Goodwill over the crisis and sub- 
sequently was only affected by GDS changes. The remaining four major banks 
show volatile effects over the crisis period. This reflects their large amounts of 
Goodwill, the crisis, and in some cases changes resulting from acquisitions. 

4.2 AMORTIZING model 

Figure |4) left panel, shows the value of future Goodwill for the AMORTIZING 
model, which is inspired by tax considerations. The the staircase effect from 
paying tax yearly is evident. There is a strong dependence on the length of the 
amortization period (which can be set by law). 

The DVA on tax credits from Goodwill amortization is shown in Figure [4] 
right panel. There is a relatively small range of values for a wide range of 
amortizing lengths, 10-20 years. The amortization range is important in that 
it shows that the results are robust against deferrement of the use of the tax 
credits. This potentially captures the case where the credits can only be used 
one third to half the time. If, net, there are no profits over a long continuous 
period then the tax credits may not be used (also because there will be other 
sources of tax credits). However, such cases are likely already captured by the 
default probability. 
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MS GS 




2008 2009 2010 2011 2012 2008 2009 2010 2011 2012 



Figure 3: Effect on reported quarterly profits of including changes in DVA on 
Goodwill. Five large banks are shown as well as two investment banks (bottom 
row). DVA on Goodwill model is the combined PROGRESSIVE+CONSTANT 
using historically calibrated barriers. 
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Expected Future Goodwill at T: AMORTIZING 
100r 
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Figure 4: Left panel Expected future values of potential tax credits from 
Goodwill as percentage of initial value under AMORTIZING model. Straight 
line amortization over ua — 10, 15, 20 years is displayed. Right panel shows 
the DVA on these expected future tax credits from Goodwill amortization for 
a range of CDS spreads, with hazard rates calculated assuming 40% recovery, 
and flat 5% discount curve. 

5 Discussion 

DVA on habilities and derivatives is well established |BK11|. IBrill) ICAC+IO) . 
even to the extent or proscriptive accounting rules in some jurisdictions, e.g. 
FAS157. DVA on assets, as far as the authors are aware, has had only limited 
attention jKS12j . We have presented a concrete example of an asset whose value 
is dependent on the default of its owner (Goodwill) and shown how the potential 
value lost on default can be hedged using an extension of (BK11| . Calibrating 
our models to seven US banks over the crisis we have shown that the effect of 
changes DVA on assets can have significant effects on reported profits. 

This work complements existing studies on valuation adjustments to do 
with creditworthiness, collateral, and funding |BKllilBrillllCAC+10[|BCPPll[ 
IPPBlll ICTITl IBBPL12] . We note that DVA is specifically excluded from regu- 
latory capital |BCB12] but is no less a trading reality. DVA hedging by proxy has 
been suggested (WSJ). This works for spread changes, but not default events: 
for example, imagine if Morgan Stanley had used CDS on Lehman. 

Technically, as in [BKllj and pointed out by ^KSl2j (Sections 8.3.2 and 
8.3.3), the key to analytic tractability is the use of repo accounts for financing. 
Without this, analytic tractability is limited. 

As well as the accounting point of view of our CONSTANT and PROGRES- 
SIVE models we consider potential losses, and their hedging, relating to a tax 
point of view with our AMORTIZING model. Thus we contribute to widening 
the debate over the scope and application of DVA. 

Banks have reported large changes in profits from effects of their own cred- 
itworthiness on liabilities. Our investigation suggests that including creditit- 
worthiness on assets can make the picture even more volatile. In balance sheet 
terms, and hedging terms, this volatility is real. 



11 



Acknowledgments 

The authors would like to acknowledge stimulating discussions with David South- 
ern. Of course, all errors and opinions remain their own. 



References 

[BBPL12] D. Brigo, C. Bucscu, A. Pallavicini, and Q.D. Liu. lUustrat- 
ing a problem in the self-financing condition in two 2010-2011 
papers on funding, collateral and discounting. SSRN, 2012. 
http: / / ssrn.com/ abstract=2103121. 

[BCB12] BCBS. Regulatory treatment of valuation adjustments to derivative 
liabilities: final rule issued by the Basel Committee . Press Release: 
http://www.bis.org/press/pl20725b.htm, 2012. 

[BCPPll] D. Brigo, A. Capponi, A. Pallavicini, and V. Papatheodorou. Col- 
lateral Margining in Arbitrage-Free Counterparty Valuation Adjust- 
ment including Re-Hypotecation and Netting. arXiv, 2011. 

[BKll] C. Burgard and M. Kjaer. Partial differential equation represen- 
tations of derivatives with bilateral counterparty risk and funding 
costs. The Journal of Credit Risk, 7:75-93, 2011. 

[Brill] D. Brigo. Counterparty Risk FAQ: Credit VaR, PFE, 

CVA, DVA, Closeout, Netting, Collateral, Re-Hypothecation, 
WWR, Basel, Funding, CCDS and Margin Lending. 
http-./fssm. coTn/paper=l 955204, 201 1 . 

[CAC+10] G. Cesari, J. Aquihna, N. Charpillon, Z. Filipovic, G. Lee, and 
L Manda. Modelling, Pricing, and Hedging Counterparty Credit Ex- 
posure: A Technical Guide . Springer Finance, London, 2010. 

[Car05] P. Carr. Replicating a defaultable bond. Bloomberg / NYU Courant 
Institute, 2005. 

[Crel2] S. Crepey. Bilateral Counterparty Risk under Funding Constraints 
Part II: CVA. Mathematical Finance, 2012. doi: 10.1111/mafi.l2005. 

[FASIO] FASB. Statement of Financial Accounting Standards No. 157 Fair 
Value Measurements. FASB, New York, 2010. 

[KS12] C. Kenyon and R. Stamm. Discounting, Libor, CVA and Funding: 
Interest Rate and Credit Pricing. Palgrave Macmillan, 2012. 

[PPBll] A. Pallavicini, D. Perini, and D. Brigo. Funding Valua- 
tion Adjustment: a consistent framework including CVA, DVA, 
collateral, netting rules and re- hypothecation. SSRN, 2011. 
http://ssrn.com/abstract=1969114. 

[RWIO] K. Ramanna and R.L. Watts. Evidence on the Use of Unverifiable Es- 
timates in Required Goodwill Impairment. Harvard Business School 
Accounting & Management Unit Working Paper No. 09-106, 2010. 



12 



[Wil06] P. Wilmott. Paul Wilmott on Quantitative Finance, 2nd Edition, 
Part One. 2006. Wiley. 



13 



Appendix (online only): Market Data 

All data is from Bloomberg. Bank data has been aligned to common quarter 
ends. 



Goodwill (MUSD) 
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MS 


GS 


30Jun07 
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11983. 
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39231. 


13612. 
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3145. 


30Scp07 
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45335. 
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12952.8 


2554. 


3161. 


31Dec07 


77530. 


13106. 


45270. 


41053. 


12830.7 


3024. 


3321. 


SlMarOS 


77872. 


13148. 


45695. 


43622. 


12826.4 


3053. 


3507. 


SOJunOS 


77760. 


13191. 


45993. 


42386. 


12826.7 


2988. 


3530. 


30Sep08 


81756. 


13520. 


46121. 


39662. 


12815.6 


2961. 


3553. 


31Dec08 


81934. 


22627. 


48027. 


27132. 


11964.5 


2243. 


3523. 


31Mar09 


86910. 


23825. 


48201. 


26410. 


13076.8 


2226. 


3528. 


30Jun09 


86246. 


24619. 


48288. 


25578. 


13381.1 


6836. 


3536. 


30Sep09 


86009. 


24052. 


48334. 


25423. 


13525. 


6977. 


3546. 


31Dcc09 


86314. 


24812. 


48357. 


25392. 


13596. 


7162. 


3543. 


31MarlO 


86305. 


24819. 


48359. 


25662. 


13589.3 


7169. 


3575. 


30JunlO 


85801. 


24820. 


48320. 


25201. 


13588. 


6749. 


3548. 


30ScplO 


75602. 


24831. 


48736. 


25797. 


13593. 


6766. 


3507. 


31DeclO 


73861. 


24770. 


48854. 


26152. 


13591. 


6739. 


3495. 


31Marll 


73869. 


24777. 


48856. 


26339. 


13597. 


6743. 


3322. 


30Junll 


71074. 


24776. 


48882. 


26621. 


13596. 


6744. 


3323. 


30Sepll 


70832. 


25038. 


48180. 


25496. 


13593. 


6709. 


3643. 


31Decll 


69967. 


25115. 


48188. 


25413. 


13592. 


6686. 


3802. 


Stock Prices (USD) 


BAG 


WFG 


JPM 


G 


GOF 


MS 


GS 


30Jun07 


48.89 


35.17 


48.45 


512.9 


78.44 


69.63 


216.75 


30Sep07 


50.27 


35.62 


45.82 


466.7 


66.43 


63. 


216.74 


31Dec07 


41.26 


30.19 


43.65 


294.4 


47.26 


53.11 


215.05 


31Mar08 


37.91 


29.1 


42.95 


214.2 


49.22 


45.7 


165.39 


30Jun08 


23.87 


23.75 


34.31 


167.6 


38.01 


36.07 


174.9 


30Sep08 


35. 


37.53 


46.7 


205.1 


51. 


23. 


128. 


31Dec08 


14.08 


29.48 


31.53 


67.1 


31.89 


16.04 


84.39 


31Mar09 


6.82 


14.24 


26.58 


25.3 


12.24 


22.77 


106.02 


30Jun09 


13.2 


24.26 


34.11 


29.7 


21.88 


28.51 


147.44 


30Sep09 


16.92 


28.18 


43.82 


48.4 


35.73 


30.88 


184.35 


31Dec09 


15.06 


26.99 


41.67 


33.1 


38.34 


29.6 


168.84 


31MarlO 


17.85 


31.12 


44.75 


40.5 


41.41 


29.29 


170.63 


30JunlO 


14.37 


25.6 


36.61 


37.6 


40.3 


23.21 


131.27 


SOScplO 


13.1025 25.11E 


) 38.06 


39.1 


39.55 


24.68 


144.58 


SlDeclO 


13.34 


30.99 


42.42 


47.3 


42.56 


27.21 


168.16 


31Marll 


13.33 


31.71 


46.1 


44.2 


51.96 


27.32 


158.6 


30Junll 


10.96 


28.06 


40.94 


41.64 


51.67 


23.01 


133.09 


SOScpll 


6.12 


24.12 


30.12 


25.615 


39.63 


13.51 


94.55 


31 Dec 11 


5..jG 


27.5(i 


33.25 


2().31 


42,29 


15.13 


90.43 
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30Tiin0q 


3224. 


3172. 


2721. 


4279. 
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3435. 


30Sep09 


-1001. 


3235. 


3588. 


101. 


394. 


757. 


3188. 


31Dec09 


-194. 


2823. 


3278. 


-7579. 


376. 


617. 


4948. 


SlMarlO 


3182. 


2547. 


3326. 


4428. 


636.263 
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3456. 


SOJunlO 


3123. 
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SOSeplO 
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SlDeclO 
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3414. 
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2387. 


SlMarll 
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1016. 
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2735. 


SOJunll 


-8826. 


3948. 


5431. 


3341. 


911. 
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3771. 


813. 


2199. 


-393. 


aiDecll 


1991. 


4107. 


3728. 


956. 


407. 


-250. 


1013. 



USD 5Y swap rate (%) 



30Jun07 


5.5095 


30Scp07 


4.8115 


31Dec07 


4.1865 


31Mar08 


3.3105 


30Jun08 


4.2715 


30Sep08 


4.0223 


31Dec08 


2.135 


31Mar09 


2.2298 


30Jun09 


2.94 


30Sep09 


2.6485 


31Dec09 


2.978 


31MarlO 


2.7275 


30JunlO 


2.0698 


30Scpl0 


1.538 


31DeclO 


2.182 


31Marll 


2.402 


30Junll 


1.998 


30Sepll 


1.2594 


31Decll 


1.233 
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30Jun09 


221.858 


155.311 


1 08 823 


425.131 


1 53 733 


211 698 


151.192 


30Sep09 


120.475 


79.674 


69.592 


190.186 


74.02 


138.544 


106.465 


31Dec09 


101.584 


91.226 


50.315 


172.561 


75.93 


114.037 


91.848 


aiMarlO 


117.406 


91.519 


59.265 


155.575 


70.806 


136.483 


101.694 


SOJunlO 


156.967 


119.107 


116.294 


186.84 


102.699 


267.296 


189.07 


SOSeplO 


165.757 


105.214 


85.098 


174.911 


85.116 


182.203 


153.283 


aiDcclO 


180.764 


105.861 


86.162 


148.86 


85.226 


170.722 


125.94 


aiMarll 


135.527 


81.227 


70.215 


124.922 


70.196 


139.859 


113.433 


SOJunll 


156.763 


95.093 


79.283 


136.756 


80.388 


161.813 


136.673 


aoscpii 


422.085 


158.126 


163.274 


282.172 


125.019 


466.757 


324.692 


SlDccll 


411.59 


144.112 


147.216 


285.49 


110.243 


419.927 


325.2 



ATM Implied Volatility ( 


%, 18M) BAG 


WFG 


JPM 


G 


GOF 


MS 


GS 


30Jun07 


20.153 


21.114 


23.465 


22.164 


26, 


.715 


30.141 


29.179 


30Scp07 


22.15 


25.895 


27.07 


25.365 


34, 


.095 


30.141 


30.352 


31Dec07 


29.806 


31.803 


31.327 


35.599 


48, 


.298 


37.503 


37.879 


31Mar08 


38.975 


41.903 


42.64 


49.631 


56, 


.769 


48.111 


43.21 


30Jun08 


46.853 


42.207 


44.711 


49.798 


60, 


.585 


46.201 


40.154 


30Sep08 


48.197 


49.204 


40.478 


50.384 


68, 


.035 


82.419 


49.466 


31Dec08 


72.616 


61.777 


60.783 


81.9 


84, 


.179 


81.272 


59.742 


31Mar09 


118.159 


92.138 


77.834 


137.187 


97, 


.422 


85.786 


66.599 


30Jun09 


60.789 


56.672 


49.282 


69.778 


63, 


.009 


46.964 


41.714 


30Sep09 


58.554 


48.07 


42.539 


66.669 


56, 


.443 


47.55 


35.94 


31Dec09 


42.142 


40.008 


35.169 


53.108 


42, 


.681 


37.275 


33.424 


31MarlO 


35.517 


31.031 


30.693 


43.556 


38, 


.451 


35.783 


29.512 


30JunlO 


47.84 


44.015 


41.516 


53.491 


47, 


.969 


45.23 


40.54 


30ScplO 


44.228 


39.699 


40.187 


49.395 


46, 


.114 


39.791 


33.68 


31DeclO 


39.834 


35.219 


31.94 


38.219 


36, 


.853 


33.96 


29.122 


31Marll 


34.974 


30.776 


27.26 


30.471 


32, 


.413 


32.015 


25.691 


30Junll 


35.876 


31.059 


28.746 


31.43 


31 


.445 


34.133 


28.538 


30Sepll 


37.873 


45.547 


27.6 


32.499 


31, 


.532 


66.342 


46.45 


31Decll 


57.723 


37.03 


39.868 


49.602 


39, 


.906 


57.681 


41.55 
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